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We report a detailed magneto-transport study in single crystals of NbP. High quality crystals
were grown by vapour transport method. An exceptionally large magnetoresistance is confirmed
at low temperature (5.4×104% at 2.5 K and 6 T) which is non-saturating and is linear at high
fields. Models explaining the linear magnetoresistance are discussed and it is argued that in NbP
this is linked to charge carrier mobility fluctuations. Negative longitudinal magnetoresistance is
not seen, unlike several other Weyl mono-pnictides, suggesting lack of well defined chiral anomaly
in NbP. Unambiguous Shubnikov-de-Haas oscillations are observed at low temperatures that are
correlated to Berry phases. The Landau fan diagram indicates trivial Berry phase in NbP crystals
corresponding to Fermi surface extrema at 30.5 Tesla.
PACS numbers: 03.65Vf, 72.15Gd, 71.20.Gj
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I. INTRODUCTION
The massless solutions of Dirac equations in relativis-
tic particle physics have recently found material basis
in topological phases of quantum condensed matter, and
this has led to rediscovery of several semimetals with such
exotic quantum field theory perspectives1–3. From the
experimental point of view, perhaps the starting point
was the Quantum Hall effect where in the role of mag-
netic field is replaced by strong spin-orbit coupling in
topological insulators of Bismuth based chalcogenides4,5.
The peculiar topology of the band structure of such
tetradymites leads to a fully gapped insulating bulk and
symmetry-protected conducting surface states5–7. In the
very recent past, similar properties are observed in a new
class of topological quantum phase in the Weyl semimet-
als (WSMs)8; the so called 3D analogues of Graphene9.
While WSMs are not gapped in bulk, they have gap-
less nodes (band-touching points) distributed in three
dimensional (3D) momentum (k) space. The linear dis-
persion at these nodes results in Dirac fermions, but
with either time reversal or spatial inversion symmetry
breaking, the degenerate Dirac point splits into two Weyl
points. The nodes always appear in pairs with oppo-
site chirality defined by their opposite Chern numbers
in the Brillouin zone8,10. In the electronic band struc-
ture, the consequence of this is the presence of Fermi arcs
terminating at Weyl points11,12, that conjures remark-
able electromagnetic properties such as anomalous Hall
effect13,14, chiral magnetic effects15 and negative longi-
tudinal magnetoresistance16.
A major aspect of current debate concerning Weyl
semimetals is the precise topological characteristics of
the band structure in the Brillouin zone and its exper-
imental manifestations. It has been suggested for long
that the Berry curvature in momentum space leads to
the topological classification of metallic systems. More
precisely, the Weyl points in the band structure are con-
strued analogous to monopoles of Berry curvature and
constitute the sinks and sources of Berry flux17,18. The
Berry phase is introduced to account for the cyclotron
motion of Weyl fermions in the presence of magnetic field.
A zero Berry phase factor implies topologically trivial
energy band while a non-zero pi-Berry phase suggests
topologically non-trivial energy band. Experimentally
the conclusion on Berry phase is assessed by Shubnikov
de-Haas (SdH) oscillations by mapping the Landau-Level
(LL) fan diagram (LL index, n vs 1/H). Quite generally,
a non-trivial pi-Berry phase that accounts for additional
geometrical phase factor, along a closed trajectory en-
closing a Weyl node, is predicted for several WSMs17,18.
However in NbP, the experimental reports are contra-
dictory to one another. Recently, Wang et al.19 have
reported negative longitudinal magnetoresistance due to
chiral anomaly while results of Shekhar et al.20 indicate
absence of chiral anomaly in NbP. Using quantum oscilla-
tion measurements, in this paper, we address these issues
and investigate the origin of exceptional magnetoresis-
tance in NbP and its dependence on chiral anomaly and
Berry phase factor.
Most investigations of recent past has focused on
the study of binary WSMs derived from transi-
tion metal monopnictides (NbAs, NbP, TaAs and
TaP)10,11,21–24. All these compounds possess non-
centrosymmetric tetragonal structure with space group
I41md. The Weyl nodes in these cases are created
due to spatial inversion symmetry breaking. Amongst
these compounds, NbP shows extremely large magne-
toresistance (MR) and ultrahigh mobility20. In essence
it combines electronic band structure features of WTe2
and Cd3As2-type semimetals, that results in normal
quadratic bands from hole pockets and linear Weyl bands
from electron pockets. The search of chiral effect and neg-
ative longitudinal magnetoresistance in WSMs has collat-
erally led to the observation of extremely high positive
transverse (H⊥I ) magnetoresistance20.
In this paper, we report synthesis and extensive
characterization of single crystals of Weyl semimetal
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2NbP through magneto-transport measurements. An ex-
tremely large MR is observed at low temperatures which
is non-saturating and linear at high fields. This linear
MR scales well with the average mobility of charge car-
riers. In conjunction with Hall data the linear MR is at-
tributed to the mobility fluctuations induced by scatter-
ing from low mobility inhomogeneous islands. Further,
study of Shubnikov-de Haas oscillations suggests trivial
Berry phase in NbP.
II. EXPERIMENTAL DETAILS
Millimeter size single crystals of NbP were synthe-
sized using vapour transport technique. In the first
step, polycrystalline samples of NbP were synthesized
using solid state reaction method. Nb powder (Sigma
Aldrich, 99.8%) and Phosphorus chips (Sigma Aldrich,
99.999%) were ground together and pressed into pel-
lets using a hydraulic press. The pellets were then vac-
uum sealed in quartz tubes and sintered at 850°C for 48
hours. The polycrystalline NbP was then sealed with io-
dine (13 mg/cm3) (Sigma Aldrich, 99.99%) in a quartz
tube of length 12 cm and ID = 12 mm. The tube was
put in a tubular furnace which is calibrated to have
a temperature gradient of 100°C over a distance of 12
cm when set at 950°C. The samples were sintered for
2 weeks. The obtained crystals were ground and char-
acterized with powder X-ray diffraction at room tem-
perature using a Rigaku X-ray powder diffractometer
(Miniflex-600, Cu-Kα). Energy Dispersive X-ray anal-
ysis (EDX) was performed using Bruker AXS microana-
lyzer. High resolution transmission electron microscopy
(HRTEM) measurements were performed using JEOL
(JEM-2100F) transmission electron microscope. Magne-
toresistivity and Hall measurements were done using a
Cryogenic cryogen Free Magnet (CFM) system.
III. RESULTS AND DISCUSSION
Fig. 1 shows the refined diffraction pattern of pow-
dered NbP crystals. The diffraction pattern is Rietveld
refined using Fullprof software with both Nb and P oc-
cupying 4a Wyckoff positions (Nb (0, 0, 0) and P (0, 0,
0.4216)). The main panel of Fig. 1 shows the refined
diffraction pattern of NbP. The sample crystallizes in a
non-centrosymmetric space group I41md. The refined
lattice parameters for NbP are found to be a = 3.335A˚
and c = 11.379A˚, in agreement with reported results20.
Inset (a) in Fig. 1 shows the optical image of NbP sin-
gle crystalline sample in a millimetre scale. The sample
was subjected to EDAX analysis to confirm elemental
composition (see inset (b) of Fig. 1). The quantitative
analysis by performing EDAX at several points provided
the molar ratio Nb:P = 1:0.997 which confirms percent-
age composition of the sample close to its stoichiomet-
ric value. The schematic unit cell of the sample is also
Figure 1. Powder X-ray diffraction pattern of NbP single
crystals and its rietveld refined data are shown. X-ray
diffraction is done after grinding a few single crystals of
NbP. Inset (a) shows the image of a typical single crystal
sample of NbP at the millimeter scale. Inset (b) shows the
EDAX data which confirms stoichiometry of the sample.
The schematic of the unit cell of NbP is shown in inset
(c).
shown in the inset (c) of Fig. 1. Further, structural
characterization of the sample was done using high reso-
lution transmission electron microscope (HRTEM). Fig.
2 (a) shows the TEM image of the sample. The d -values
calculated from lattice fringes corresponding to planes
(004) and (101) are 2.84 A˚ and 3.28 A˚, respectively [Fig.
2(b)]. These values match well with the d -spacing val-
ues obtained from XRD results. Fig. 2 (c) shows the
selected area diffraction pattern (SAED) for NbP that
confirms excellent single crystalline characteristics of as
grown samples.
Fig. 3 summarizes the temperature and field depen-
dent magnetoresistivity measurements. Fig. 3 (a) shows
temperature dependent resistivity measured in various
transverse applied magnetic fields (H⊥I ) ranging from
0 to 6 T. In this configuration, magnetic field is applied
along c-axis. In zero applied field, the resistivity of NbP
shows metallic behavior with ρ(300K) = 33 µΩ-cm and
ρ(2.5 K) = 0.8 µΩ-cm. The residual resistivity ratio
(RRR = ρ(300K)/ρ(2.5 K)) is estimated to be 41. Ev-
idently, application of magnetic field induces extremely
large magnetoresistance and changes the temperature de-
pendence of resistivity significantly. An unambiguous
broad shoulder in resistivity is also observed for fields
above 1 T. This upturn in resistivity exhibits semiconduc-
tor like behaviour before metallicity takes over at lower
temperatures. This is indicative of opening of a gap in
the presence of magnetic field that becomes more promi-
nent at higher magnetic fields. Moreover, the crossover
temperature shifts to higher temperature with increas-
ing magnetic field. At low temperatures, saturation in
electrical resistivity is observed even in the presence of
3Figure 2. (a) TEM image of NbP single crystals is shown.
(b) HRTEM image shows d-spacings corresponding to
(101) and (004) planes. The values of d(101) and d(004)
match well with those calculated from XRD data. (c)
SAED pattern of NbP confirm single crystalline growth.
magnetic field that demonstrates that the resistivity of
the bulk material is short circuited by the dominance of
metallic topological Fermi arcs at low temperatures27,28.
The observed extremely large transverse MR can be
better studied by isothermal measurement of field depen-
dent resistivity. The magnetoresistance at temperature T
is calculated using the relation: MR = [(ρ(H )-ρ(0)/ρ(0)]
100%, where ρ(H ) is the resistivity at field H and ρ(0)
is the zero field resistivity. Figure 3(b) shows the field
dependent MR at temperatures varying from 2.5 K to
100 K. Inset in Fig. 3(b) shows MR at 200 K and 300 K
as well. Clear signatures of Shubnikov-de Haas quantum
oscillations in electrical resistivity are observed. At 2.5
K, MR reaches 5.4×104% at 6 T without any trace of sat-
uration. Even at room temperature large MR = 151%
is observed at 6 T. The high value of MR is compara-
ble to recent reports of other Weyl semimetals22,26,29. In
fact, MR shows weak temperature dependence upto 10
K and thereafter decreases sharply. Intriguingly, at low
temperatures, the field dependent MR shows crossover
from parabolic to linear dependence. At temperatures
above 100 K, the field dependent MR shows parabolic
behaviour. An interesting aspect of the data is the obser-
vation of almost linear magnetoresistance at high fields
in both temperature regimes.
Towards understanding the role of scattering in tem-
perature dependent magnetoresistance, in Fig. 3 (c) we
apply Kohler′s scaling to transverse MR data. Accord-
ing to Kohler′s rule30: ∆ρ/ρ(0) = A(H/ρ(0))b , where ∆ρ
(=ρ(H )-ρ(0)) is the change in resistivity in transverse ap-
plied field and A and b are constants. In a semimetal,
the charge carriers could show different relaxation time
scales and effective masses with a spread in their veloci-
ties. Kohler′s rule predicts that when the charge carriers
possess same scattering rate, the plot between MR vs
H /ρ(0) curves measured at different temperatures merge
into a single line. This is confirmed in Fig. 3(c) where
for temperature up to 100 K, all the MR curves collapse
into a single curve. This indicates that same scattering
rate is followed by all the charge carriers in the sample.
Moreover, at temperatures 200 K and 300 K, the curves
do not fall on the same curve which can be associated
with the change in concentration, sign and mobilities of
compensated charge carriers. Further, a change in slope
between high field and low field MR is observed for the
collapsed curves upto 100 K. From the fit to Kohler′s
relation in these two regimes, the values of parameter b
is found to be 1.5 at low fields and 0.9 at high fields.
This justifies a crossover from nearly parabolic behavior
at low fields to linear behavior at high fields. From the
plot between MR and H, shown in the inset of Fig. 3(c),
we observe that the crossover field increases on increas-
ing temperature ( 1 T at 2.5 K to 2 T at 25 K). This
suggests different scattering mechanisms at low and high
magnetic fields are present at low temperatures and this
feature has been seen in several other WSMs31,32. The
consequent changes in power law dependence of MR at
different temperature are theoretically concluded in Weyl
4Figure 3. (a) Temperature dependent resistivity of NbP without field and in transverse applied magnetic (H⊥I ) fields (0 – 6
T) is plotted as a function of temperature. Zero field resistivity shows metallic nature of the sample which shows an upturn
on application of magnetic field followed by saturation. (b) Transverse isothermal magnetoresistance at different temperatures
ranging from 2.5 K to 100 K. Shubnikov-de Haas (SdH) oscillations are clearly visible at 2.5 and 5 K. Inset in (b) shows the
transverse magnetoresistance at 200 K and 300 K. (c) The log plot of the Kohler′s scaling of MR with reduced magnetic field
(µ0H/ρ(0)). Inset shows the field dependent MR on log scale. (d) Shows the transverse and longitudinal magnetoresistance
(H ‖I ) are compared at 2.5 K. Inset in (d) The expanded view of low field region for clarity.
semimetals33,34.
The study of longitudinal MR in Weyl fermions is of
substantial current interest as it brings forth the chiral-
ity aspects of electronic transport21,22,35–37. Fig. 3(d)
shows the comparative plots for both transverse and lon-
gitudinal field direction (with respect to applied current
direction) at T = 2.5 K. At 5 T, MR(H⊥I )/MR(H ‖I )
=(4.75×104)/(0.27×104)= 17.3, which indicates that the
MR in this material is relatively isotropic in comparison
to layered semimetal WTe2
38. Further, in Weyl semimet-
als, negative longitudinal MR (LMR) is expected due to
chiral anomaly effect39,40. Clearly, no negative longitu-
dinal MR is observed in NbP (see Fig. 3(d)). In re-
cent theoretical studies, it is reported that there are two
essential factors affecting the experimental observation
of chiral anomaly effect in Weyl monopnictides21,27,41.
First, it is required that the Weyl points lie close to the
Fermi level and secondly, the chirality of the Weyl points
needs to be well defined, i.e, each Weyl point of opposite
chirality are enclosed by well separated Fermi pockets.
Based on these facts, it is reported that in case of NbP
and TaP, the experimental observation of chiral anomaly
effect is unlikely21,41. This is in contrast to LMR results
in TaAs21,27,41. Negative LMR is also reported in NbP,
5TaP and NbAs19,42,43. However, the origin of the nega-
tive LMR is controversial as the geometry of voltage and
current contacts on the sample can lead to current jet-
ting effects which is not related to chiral anomaly21,37. In
case of NbP, it is known that there are two pairs of Weyl
points, W1 and W2. W1 lies in kz = 0 plane, 57 meV
below Fermi level while W2 lies in kz = pi/c plane 5 meV
above Fermi level. W1 and W2 are enclosed within the
electron and hole pockets41. Since the Weyl point W1 is
far away from the Fermi surface it may not contribute to
chiral anomlay. Moreover, W2 is enclosed within the hole
pocket and therefore it leads to the cancellation of chi-
rality and Berry flux. Our null results on the absence of
chiral anomaly therefore supports recent theoretical anal-
ysis on the improbability of experimental observation of
chiral anomaly effect in NbP21,27,41.
To gain more insight into charge transport in NbP, and
to correlate the MR data with Fermi surface analysis, in
Fig. 4(a) we show the field dependence of Hall resis-
tance, Rxy, at temperatures ranging from 2.5 K to 300
K. We observe that Rxy is negative in the temperature
range 2.5 K to 100 K. This indicates that the dominant
quasiparticles on the Fermi surface are electron-like at
low temperatures. At temperature above 100 K, Rxy(H )
becomes positive, reflecting the nature of the quasiparti-
cles has switched to hole-like behaviour with increasing
temperature. A simple model to account for magneto-
transport in semimetals would be to assume two types
of carriers near the Fermi level. The electron-like quasi-
particles come from the Weyl fermions that follow linear
dispersion, with the Weyl cones placed slightly below the
Fermi level. The hole-like quasiparticles on the other
hand have a simple quadratic dispersion. Expanding the
Hamiltonian near the Weyl cones in the low-energy limit,
we can write the corresponding Hamiltonians as
He = −ν(σxkx + σyky) + tzsin(kz)σz
≈ −ν(σxkx + σyky) + νzσzkz (1)
Hh =
~2
2m
(k− k0)2 (2)
Here ν is the in-plane Fermi velocity, and νz is the
same but along the c-axis. tz is the hoping integrals
between the nearest neighbour lattice sites along the z-
direction. Momentum k is measured with respect to
the Weyl nodes. We notice that the Weyl Hamiltonian
(He) is linear in momentum in all three directions with
anisotropic Fermi velocities. The first term stems from
the usual Weyl-like Hamiltonian as seen in other Weyl
semimetals, while sin(kz) (∼ kz in the low-energy region)
is required to include due to the fact that Weyl nodes
are present on both kz = 0 and kz = pi/c planes. There-
fore, unlike other Weyl/Dirac semimetals, in NbP one
can expect chiral anomaly in all three directions. How-
ever the Weyl points are far away from the Fermi level,
so the unequivocal confirmation of chiral anomaly from
magneto-transport in NbP is challenging.
The Hall data of Fig. 4(a) can be understood from
the coexistence of relativistic electrons (linear dispersion)
and non-relativistic holes (parabolic dispersion) with ex-
tremely high effective mass. Recalling that Hall resis-
tivity is proportional to the density of states (DOS), in
the following, we examine how the DOS qualitatively
evolves with temperature for both Weyl electrons and
heavy holes. Evidently, the DOS of Weyl electrons is
linear in energy, while that of the hole is quadratic, i.e.,
Ne(E) = bE ≈ bkBT (3)
Nh(E) = aE
2 ≈ akBT2 (4)
here, a and b are constants. Since N e is linear in T,
it dominates at low temperature regime. Above some
threshold value of T, the quadratic contributions from
the hole part (N h) becomes dominant. This behaviour is
schematically shown in the inset of Fig. 4 (a). This qual-
itatively explains the sign reversal of the Hall resistivity
data.
Our attempt to fit a two band model to Hall data did
not succeed and in the following we discuss the results
of simplistic single band analysis. The Hall data for
single-carrier Drude model is used to calculate charge
carrier density ( N e,h) and charge carrier mobility (µe,h
= RH(T)/ρ(T)). Here RH is the Hall coefficient, N e,h
is electron/hole charge carrier density, µe,h is the aver-
age charge carrier mobility corresponding to electrons or
holes, respectively, and ρ(T ) is the resistivity of the sam-
ple. To calculate RH(T ), we have used slope of Hall re-
sistance Rxy(H ) at high fields. The value of RH , and
N e,h thus calculated are shown in Fig. 4 (b). The value
of electron charge carrier density at 2.5 K is found to be,
N e = 3.5×1018 cm−3 which increases with increase in
temperature demonstrating typical semimetallic behav-
ior of the sample. The electron carrier mobility at 2.5 K
is found to be very high, µe = 2×106 cm2V −1s−1. This
value of electron charge carrier mobility is close to the
reported results on NbP19,20.
The observation of linear and non-saturating MR un-
der high magnetic fields in WSMs is an interesting fea-
ture. Usually, MR varies as H2 at low fields (< 1 T) due
to Lorentz force deviation of charge carriers and shows
saturation at high fields. The existence of linear non-
saturating MR is highly intriguing. In metals, it may
originate due to open Fermi surfaces (e.g. Au). In Weyl
semimetals, however, this is not the case. Both quan-
tum and classical origin of linear MR in metallic systems
are proposed44–46. Quantum interpretation of linear non-
saturating MR at high field was proposed by Abrikosov44
at ultra-quantum limit. In this limit, only the first lan-
dau level (LL) is filled, which happens when ~ωc > EF
and EF >> κBT , where ~ωc = eB/m∗ is the cyclotron
frequency. It gives the relation between carrier concen-
tration and magnetic field as: n<(eB/~)3/2. From our
Hall measurements, the value of carrier concentration
n is ∼ 1018cm−3 (T = 2.5 K) which gives the condi-
tion for ultra-quantum limit to be B>7 T. However, our
6Figure 4. (a) Field dependent Hall resistance, Rxy(H ) are plotted at different temperatures varying from 2.5 K to 300 K. We
clearly see change of slope of Rxy(H ) after 100 K. Inset shows the dependence of density of states (DOS) for electron and hole
charge carriers on energy/temperature. It demonstrates that the dominant charge carriers are electrons at low temperatures
and at high temperatures holes are the dominant charge carriers. (b) Hall coefficient (RH) and charge carrier density (Ne,h)
measured at temperatures ranging from 2.5 K to 300 K are shown. (c) Plot of MR (6 T) with respect to average mobility at
varying temperatures. Straight line shows the linear fit to the data indicating linear dependence of MR variation on average
mobility with temperature. (d) Average mobility (µe,h)and dMR/dH (slope of MR at high fields) variation with temperature.
The curves show same trend over temperature variation. The deviation near 100 K can be explained with the change of
dominant charge carrier behavior in the sample.
sample starts showing linear MR in field as low as 1 T
which rules out the possibility of quantum origin of lin-
ear MR in our sample. The appearance of linear MR
is therefore assigned to classical behaviour applicable to
inhomogeneous systems with high charge carrier mobil-
ity. Parish and Littlewood (PL)45,46 proposed that linear
MR originates from fluctuations in mobility in a strongly
disordered system. According to PL model, MR strongly
depends on fluctuations in mobility which is the ratio
between width of mobility disorder ∆µ and average mo-
bility ∝ 〈µ〉. At high fields the PL equations for MR are
as follows: MR ∝ 〈µ〉 for ∆µ/〈µ〉 < 1, and MR ∝ ∆µ
for ∆µ/〈µ〉 > 1 . As seen in Fig. 4 (c), the transverse
MR varies linearly with average charge carrier mobility.
This implies: MR ∝ 〈µ〉. Fig. 4(d) shows correlation be-
tween temperature dependent mobility and slope of MR
in the high field region. From the plot, we observe that
the change in MR follows the average mobility of charge
carriers in the entire temperature range. This further
confirms that MR ∝ 〈µ〉. The deviation between 100 K
and 200 K are associated with change in type of charge
carriers from electrons to holes. In summary, the linear
7MR in NbP is due to mobility fluctuations induced by
scattering from low mobility inhomogeneous regions in
the system.
As is strikingly evident in Fig. 3(b), in the presence of
high transverse magnetic field, clear Shubnikov de-Haas
(SdH) oscillations in MR are observed at low tempera-
tures. The SdH oscillations are extracted by subtracting
mean polynomial fitting to MR data. The oscillatory
component (∆ρ) thus extracted is shown in Fig. 5 (in-
set (a)) as a function of 1/µ0H. The oscillations show
periodicity with 1/µ0H. The spectrum is substantially
complex due to the contribution from various sub-bands
on the Fermi surface. The SdH oscillations are further
analysed using the following expression for the oscillatory
component of magnetoresistance in a 3D system:
∆ρ/〈ρ(0)〉 = A(T, µ0H) cos[2pi( F
µ0H
− γ + δ)] (5)
where 〈ρ(0)〉 is the non-oscillatory component of trans-
verse ρ, F is the frequency of oscillation, γ is the Onsager
phase and δ (= ±1/8) is the phase shift introduced by the
three-dimensionality of the Fermi-surface. By performing
Fast-Fourier transformation (FFT) of ∆ρ vs 1/µ0H data,
we have extracted three oscillations corresponding to fre-
quencies: Fα = 7 T, Fβ = 13.6 T and Fγ = 30.5 T with
its harmonic at 61 T, (Fig. 5 (b)). Frequencies Fα , Fβ
and Fγ are associated with the electron pockets near the
Fermi energy in NbP41. In the present case, the period
of oscillations corresponding to Fγ (1/µ0H) is 0.033 T
−1.
Further, the frequency of quantum oscillations is propor-
tional to the cross-sectional Fermi-surface area, AF , that
follows the Lifshitz-Onsager relation: F = (Φ0/(2pi
2))AF
. Here, Φ0 = h/2e is the magnetic flux quantum and e is
the electronic charge. The calculated cross-sectional area
of the Fermi-surfaces corresponding to frequencies Fα, Fβ
and Fγ are 0.21×10−3A˚2, 0.41×10−3A˚2 and 3×10−3A˚2,
respectively. The cross-sectional Fermi-surface for Fγ
matches well with the reported data20. These areas
are very small, only about 0.006%, 0.01% and 0.08% of
the total area of the Brillouin zone in the kx-ky plane,
respectively. The Fermi wave-vectors are then calcu-
lated from the observed AF values using the relation:
kF = (AF /pi)
1/2. The calculated kF corresponding to
Fα, Fβ and Fγ are 8×10−3A˚−1, 0.011 A˚−1 and 0.031
A˚−1, respectively.
From the quantum oscillation data, in the following
we discuss the topological signatures of these electron
and hole pockets by studying the Berry phase accumu-
lated around the Weyl nodes. Identifying the Berry phase
(ΦB) corresponding to Fermi pockets in Weyl semimetal
is challenging because of its multi band characteristics.
The Onsager phase γ = 1/2−ΦB/2pi+ δ, relates to ΦB .
In case of topologically trivial band, ΦB = 0, which im-
plies γ = 1/2+δ while in case of topologically non-trivial
band, ΦB = pi, which implies γ = δ. To identify the
topological nature of the Fermi-surface associated with
the most prominent frequency in our data, Fγ , we have
Figure 5. Inset (i) shows the Shubnikov-de Haas (SdH) os-
cillations extracted by subtracting the background from MR
measured at 2.5 K and 5 K. Background is calculated by fit-
ting the data with a polynomial function. Gray dot-dashed
grid lines are placed to see the period of oscillation clearly.
The period shown in figure is 0.033 T−1 corresponding to
Fγ frequency of SdH oscillations. Inset (ii) shows the Fast
Fourier transform (FFT) amplitude of SdH oscillations mea-
sured at 2.5 K. Main figure shows the Landau fan diagram
corresponding to Fγ frequency of SdH oscillations. The data
is fit linearly and it gives the value of intercept 0.31 which
indicates trivial Berry phase for Fγ.
plotted the Landau fan diagram (a plot between Landau
Level (LL) index n and 1/µ0H) in main panel of Fig.
5 (T = 2.5 K). The linear fitting gives Onsager phase
of γ = 0.31. For electron pockets, δ = -1/8 and there-
fore the Berry phase parameter, ΦB ∼ 0 indicating a
topologically trivial Berry phase in NbP corresponding
to frequency Fγ . This is in disagreement with reported
conclusion on non-trivial Berry phase in NbP19.
IV. CONCLUSIONS
In conclusion, we provide evidence for extremely high,
non-saturating linear transverse magnetoresistance in
high quality single crystals of Weyl semimetal NbP. Clear
Shubnikov de Haas quantum oscillations are observed at
high fields and low temperatures with three main fre-
quencies. The Berry phase calculated for frequency =
30.5 T of SdH oscillations shows null additional phase
factor. No evidence for longitudinal magneto-resistance
is seen that rules out chiral anomaly in NbP. This is as-
cribed to large separation between Fermi level and Weyl
nodes and lack of well defined chirality. Combined Hall
and magneto-transport data suggest that the linear MR
observed in NbP is due to charge carrier mobility fluctu-
ations.
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